Abstract: An efficient one-pot synthesis of 1,6-diamino-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile derivatives by four-component piperidine-catalyzed reactions of a ketone, malononitrile, ethyl cyanoacetate and hydrazine hydrate under ultrasound irradiation is described. This method provides several advantages such as shorter reaction times, excellent yields, and a simple workup procedure.
Introduction
Multi-component reactions (MCRs) have been designed to produce elaborate biologically active compounds and have become an important area of research in organic, combinatorial, and medicinal chemistry [1] [2] [3] [4] . MCRs offer a wide range of possibilities for the efficient construction of highly complex molecules in a single procedure, thus avoiding the complicated purification operations and OPEN ACCESS allowing savings of both solvents and reagents, making them perfectly amenable to automation for combinatorial synthesis. In the past decade there have been tremendous developments in MCRs and great efforts continue to be made to develop new MCRs [5] [6] [7] [8] [9] .
Nitrogen-containing heterocyclic compounds are widespread in natural products and medicinal agents [10] , and their applications in biologically active pharmaceuticals, agrochemicals, and functional materials are becoming more and more important [11, 12] . Among them, pyridinone derivatives have been received considerable attention as a result of their biological activities and as an interesting template for medicinal chemistry [13] [14] [15] [16] . The conventional method for the synthesis of pyridinones is ammonization of pyranone at a high temperature or in a sealed tube [17, 18] . Recently, a number of improved methods have been reported in the literatures for the synthesis of this heterocyclic system [19] [20] [21] . However, most of these methodologies suffer from disadvantages such as multi-step procedures, long reaction times, unsatisfactory yields, and the use of organic solvents or toxic reagents. These facts prompted us towards further investigation in search for a more efficient methods for the preparation of this kind of compounds.
Ultrasound irradiation has been increasingly used in organic synthesis in recent years. A large number of organic reactions can be carried out in a higher yield, shorter reaction time and under milder reaction conditions under ultrasonication. Compared with traditional methods, this method is more convenient and can be easily controlled [22] . Nevertheless, the use of ultrasound in heterocyclic systems has not been fully explored [23, 24] . As a consequence of our interest in the synthesis of heterocyclic compounds under ultrasound irradiation [25] [26] [27] [28] [29] [30] , we report herein for the first time a facile one-pot synthesis of pyridin-2(1H)-one derivatives via four-component reactions of a ketone, malononitrile, ethyl cyanoacetate and hydrazine catalyzed by piperidine under ultrasound irradiation.
Results and Discussion
Initially, the four-component reaction of acetone (1a), malononitrile (2), ethyl cyanoacetate (3) and hydrazine hydrate (4) as a simple model was investigated to establish the feasibility of the strategy and to optimize the reaction conditions (Scheme 1). The effects of solvents and catalysts were evaluated for this model reaction, and the results are summarized in Table 1 . It was found that when the reaction was carried out without any catalysts only traces of product were detected, even after 10 h under ultrasound irradiation (Table 1 , entry 1). To improve the yields, we examined this reaction using different bases (Table 1 , entries 2-6). Based on the reaction times and the yields, piperidine was identified as the optimal catalyst with 5a being isolated in 93% yield (Table 1, entry 2). In order to further improve the product yields, we tried to perform the reaction in higher temperatures under ultrasound irradiation, but the yield did not increase ( A 10 mol% loading of piperidine was sufficient to push the reaction forward and 5 mol% of piperidine was not enough. Higher amounts of piperidine did not lead to a significant changes in the reaction yields. Using the optimal conditions, we investigated the substrate scope of the transformation (Scheme 2). The results are summarized in Table 2 . As shown in Table 2 , aliphatic chain ketones and cyclic ketones were well tolerated under the reaction conditions, leading to the final products in satisfactory yields. However, when the aromatic ketones (such as acetophenone, 4-bromoacetophenone, and 4-methylacetophenone) and aromatic aldehyde (such as benzaldehyde) were used, only traces of products were detected. H-NMR spectrum of compound 5a the amino group protons show two singlets at δ 6.61 and 5.15. The methyl group protons show two singlets at δ 1.20 and 1.04 due to the two methyl groups. A singlet appearing at δ 4.50 was assigned to the C-3 proton of the pyridine ring. In addition, HRMS analyses were consistent with the structures. The structure of 5a was further confirmed by X-ray diffraction. The molecular structure of 5a is shown in Figure 1 . 
Experimental

General Information
Melting points are uncorrected. IR spectra were recorded on Varian F-1000 spectrometer in KBr with absorptions in cm −1
. All 1 H-NMR data were determined on a Varian Inova-400 MHz but the 13 C-NMR spectra had been run on the Varian Inova-300 MHz instrument, J values are in Hz. Chemical shifts are expressed in ppm downfield from internal standard TMS. HRMS analyses were carried out using a Bruker microTOF-Q instrument. X-ray diffraction was recorded on a Smart-1000 CCD diffractometer. Ultrasonication was performed in a KQ-250E medical ultrasound cleaner with a frequency of 40 kHz and an output power of 250 W. The reaction flask was located at the maximum energy area in the cleaner, and the surface of the reactions was placed slightly lower than the level of the water. Observation of the surface of the reaction solution during vertical adjustment of vessel depth will show the optimum position by the point at which maximum surface disturbance occurs. The reaction temperature was controlled by addition or removal of water from the ultrasonic bath.
General Procedure for the Synthesis of 1,6-Diamino-2-oxo-1,2,3,4-Tetrahydro-Pyridine-3,5-Dicarbonitrile Derivatives 5
A 100 mL flask was charged with ketone 1 (1 mmol), malononitrile 2 (1 mmol), ethyl cyanoacetate 3 (1 mmol), hydrazine hydrate 4 (1 mmol) and piperidine (10 mol%, 0.1 mmol) in ethanol (10 mL). The mixture was sonicated in the water bath of an ultrasonic cleaner at 25-30 °C. After the completion of the reaction (monitored by TLC), the reaction mixture was concentrated in vacuo to remove the solvent. The residue was quenched with water and then filtered. The crude products were purified by recrystallization from ethanol to afford the pure products 5. 39 (m, 2H, CH 2 ), 1.48-1.55 (m, 1H, CH), 1.78-1.82 (m, 1H, CH Diamino-4-cyclopropyl-4-methyl-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile (5d) . Gray solid, 138.6 mg, 60% yield; m.p.: 181-182 °C. IR (KBr, cm [5.5] 
1,6-Diamino-4,4-dimethyl-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile (5a
1,6-Diamino-4-methyl-2-oxo-4-propyl-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile (5b
1,6-
2,3-Diamino-9-methyl-4-oxo-3-azaspiro
Conclusions
In conclusion, we have described a novel approach to exploit the use of ultrasound irradiation for the synthesis of pyridin-2(1H)-one derivatives in ethanol solution at room temperature within 30-40 min. Compared with traditional methods, the procedure offers several advantages, including excellent yields, shorter reaction times, and a simple workup procedure.
